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ELECTROLYTIC CELL FOR THE FRODUCTIGN OF FLUORINE 



The present invtLtior. - ^ "' 

the Generation of fluorine. 

_. r _;n->--. r . frr-ir "hree different 

10 Fluorine g<^ - ' - 



ed fluorine supplied in cylinders; 
electrolytic fluorine producing cells; and, 



sources: compres 
secondary 
chemical fluorine generators. 
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- ... of romcressed liucrme 
A sigmiicanr aibdavai.^u, 

. ;^ r h-r rb- Hi JO rine is generally 

supplied in cyhnaers is chat tn. 

Z n i y mailable diluted with nitrogen or some ether 
diluent gas such as, for example, 20. fluorine in 

. f i rrr ; rp b°ina considered iOu 
nitrogen. This is aue ixuonne l^j-i^ 

-s rrp<;«iurised pure 
hazardous to transport ana/or use « a p — 

cas. Cylinder fluorine is convenient to use but safety 
considerations necessitate the .use - • • - , 

handling cabinets and piping systems to mitigate the 
risks involved. Therefore, p-ressurised fluorine gas 
cylinders are generally disliked in establishments such 
as research institutions, e.g.. universities and the like. 

in crnrh establishments, _t 

However, if ilUwrm*. is 

i, necessary to accept the high ris.s and costs involve 
H.„y potential users do not proceed with presserrsed 
„ noorrne once they understand the rrsks and expense whrcn 
are entailed. 

r -i .-tnnt publication No. WO96/085B9 describes 
International patent P^ 1 ^ 31 - 1 £ 

"i ■) f r .,^ th° oroduction O: 
a secondary electrolytic ceil io. ttu 4 
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e 1 e c t. r o 1 v t i 
that crice 
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Tne cell describes «n "c-r.-cc-inaric" secondary 
. r ,^, 1 . jr. t r.£s cc:,:exr "^ccnd.iy" rv.^riL 
discharged the unit can be recharged with 

i _ *• ~> * • - -jiH " c 1 1 c- Ci h T h e 

nrinciple cf operation is cased on the electrolysis of a 
fixture of nydrogen fluoride ana potassium biflucnde 
, pcrr; ^ d as KF.2HF. By virtue cf sensor probes within 
: which ceterrr.ine tne presence cr otherwise ct tne 
electrolyte surface, tne user is able to start and stop 
fbp neilV erv of fluorine on demand. Thus, tne delivered 
^'~ 0 ~"^ gas is at substantially atmospheric pressure. 
However, such cells as those described m WO56/08569 
whilst operating entirely satisfactorily are generally 
expensive for users who require less than about 1 kq 

of fluorine tor year; j<»-^> 

this category. 

- tioti onn rncrrippf a method for storing 
US pate n t n umD e i , 9 S y , . u u ■ 

n ncr i r .o f,' producing a potassium 
and regenerating uaie aucir.. - j t 

hevafluorcnickelate salt which generates fluorine gas on 
heating. Such fluorine sources are useful for storing 
small Quantities of fluorine such as about 20g and 
hive The" advantages of being safe, easy to use and 
produce high purity fluorine gas. The chief disadvantage 
' is the high cost and small quantities ' of fluorine 
available by this route. Furthermore, the synthesis 
route for the salt requires several stages and fluorine 
aas per se is initially required as a raw material. This 
has to be provided by an electrolytic fluorine cell of 
,0 some form. Hence, chemical fluorine generators are 
necessarily expensive and commercial applications are 
limited to those where high gas purity and safe 
transportation can justify the high cost. 
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r1H ,., r t T fluorine was Jargely a latcra-orv 

rur .,.-;v w.tn relatively - - - ~ ^ - . . 

Cr . v ~- fr - the development or a.. 

Manhattan * -J- - ^ ^ , n;ier , t it ies of fluorine 

^ U '"" J '"/ _ ,^ , b i e to produce uranium hexaf luoride :rc~ 

. . H ,. ra rpuT. is aenerally produced, 
which enncheo uran.u.,. - _ (]rrir , P 

c . f producing large Quantities c. -A.rir.. 
inlt -^ l rr ,.,..je r.f r.vcrcaer, fluoride ana 
Wtlucri^Tti.^in, sacrificial metal .nod.. 
' , tic ,„-: Pue to U>« enormous 

io coinpcs«d -uig-iy produced 
rr :, Tiec o* fluorine being procuced, t..e c-ii l 

qu ;"; nt ; a iiv second ^ «*. 

; placed and sludge formed by the 

,, as continual, rPBOVed and new 

, PCf ,„ ti , n of the anode was ccmir.^u..^ -- 

^.r^rmittently replaced. 
., maroridl continuously 

15 a "~~~ " nf v inao c C 3ie and enormously 

^.,,-1. ,-(=.11= were of nuge ^<-ax^ 

1 . ourina the Manhattan Project the 

complex and cancerous. Du.m, 

sacrlfi cial meta: anode, were phasec ou. ■ 

, - wcre r-' much longer life and 
with carbon anodes -.uu. ^ 
. 0 i^e^ th*» problem of having uo 

. ._. „, ror vears and more, virtually 
Since that ^.k, - , fluorine have 

.lecttolytle ceils for the prodact.cn or fluorr 
Utilised carbon anode, of one form or another. 
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,brect of the oresent invention to provide 
It 1S a „ object of P produc tion of pure 

datively inexpensive device for rhe p 
Ilu orin. «- device Peine sere u 

Citable for users who retire onrv . 

— * — ik9 s ; t o =o is p :: ; — 

,u B . T , f the present invention is t- . 
^ ■ f ^ ttar-port. Further objects of 

gas source which is safe .o tr.n-po. ^ 
r ,„ present invention will become *ppare..t 



hereinbei ow . 
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. . _ .,. r . , r ,cp r: r invention, there is provided en 

kCCZ IOITsU l b. ; *~ " 

electrolytic producing cell.* toe - 

• =. ...-.or.' havinq therein anooe :..e=r.- *<ia 

~o.no r is i no . - - — 

.... . ,- l0 ,-.- --.-J ----.Thode means r.emg 
-athode means, -!••= a:io-v. 

«-Ipa-=-t^c by cas separation skirt means extencir.c into 



, nd below the surface of an electrolyte contained within 
^ vfr2 c K } ; means fcr removing hydrbgen gas and fluorine 
^ a c produced during electrolysis of said elestroiyte; 
''ZS~ rhe anode means are metal sacrificial .none means 
U) Z> the cas separation skirt means extends below she 
lowest extent of said anode means. 

_ ,, c .rHfnn to the present invention 
Freferaoly, the f_e.U ~- 'J 

„ rr n i f. .•- c ;n -cailed ."one shot" 
- ,, a "nrimarv ce ! J , 1 • c . - -- 



.. .^-p. ,..i-, C n exhausted is safely dispc 

^efe^ed embodiment, the non-consumable parts of the 
ceil 'may be recycled. Such cells are generally not 
amenable to oemg rentage., i~r ... . ^ 
Plect^olvte or a new anode by the purchaser or user, xhe 
, 0 re ll is used until the electrolyte is exhausted and a new 
ceU is ourchased. In this regard the preferred cell 
" .. \._ ,-k c invention is a sealed device 

.hich has a vent to ta*e hydrogen' away to a fume cupboard 
for example and a salved fluorine outlet to delrver 
„ Uuorrne to the usefs process or exoerrmental apparatus 
" at a rate which is directly proportional to the applied 
D r current. The user has only to heat the cell to melt 
the electrolyte which is generally soird at extent 
matures and apply a power supply to the electrode 
30 terminals. 

, • 4- ^ +-Ko ^rpcpnt invention 
The vessel of the cell according to the .r^en. 

is effectively divided into two compartment. ... 9 

aeoaration share, these are the fluorine compartment in 
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- r\r r\f- .n«*n* is situated and tn- :....-^ r --' 
•which the *node .a— i- 

+. . ,rirh -a c cathoae means, 
compartment ^moi 

r he cas 

. r-P- t :. n t :r.ver,--^». 

. .m» nri i men t o - L • 1 - t-* 

- r --< c . n evirr may be a general-, = 

„..., b& cealec ir.to an upper vessel > 10-^- 

whicn n-c=y be ..--l- h 

,.., r . - n -o and below" the ^rfdtfe 
and -,xte]:G£ • - and 

r . T -.v-t.=' surrounding '-" e 
ccntc-mea anode. The 

L i rx ■ , ^ c t c- v rent o - 

hwav rrc-m 



10 



Extending below the lowest extent 

; :r . rl , t .cans conducts fluorine gas — > ~- 
tms region via valve means, the ■ 
,etal which rs generally resistant to the ^ -c 

... ,r.Pl for example or from a suable 

fluorine sue. „~ ---- „ >irr rnav be 

ra atr-rial. In one emboatmen . , - ■ 

\j 1 ci ... - - -• - 1 ■ 



Cor me 



. elecrncaUy insulating 
r^on metal ano ' iOV> - , 

+ i 5 „r thereon which will ^ - I 

plasties material iaj — 



further herein below 
The cell of the 



rirf ..n,Hps a simple, 
resent invention — 
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The cell =£ the F"« - „ mvimoo pur, 

in .xp.n,i™ but highly r.li-»U ^ ^ res „ lct 

„ u orine ,.. on " «>• »'« ^^saty 1S 

flnorine, all that i, necc^ > 
or step the l^* - c . nr . ed or dosed. 

tha t the fluorine outlet valve is res.ri e 

ff nt 0 f -r- is that the fluorine gas gene.at 

The effect of ^.n sur face of the 

- ^linht pressure on tne. su.i 
the anode exerts „ slight pr seDar ation 

h Plectrolvte contained within the ga„ se. 
liquid electrolyt electrolyte in 

skirt and sl0W ly depresses the level ^ 
the fluorine generating compartment ^ 

The— is a corresponding n-e 
situated. The.- rr _ art ment caused by 

.Lctrclyt. .eve! in tne hy dr c,en ^ 
the emplacement of the .l.«..ly« in thc 

once the level ci elec^o-Ste 
compartment. - ntL f h ano de 

fluerine cc^r-ent teec.es the PC,t» «► 



t -jle and 

siprr-cH'Sis is nou P 0 ^^' 
further elects. vs. reduction 

THe . pressure at wnicn . 
production ceases. Th^ .-b-su. 
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... hir .node compartment may be controlled to 

rr ^ures en the range :-100an water -gauge c-y virtue c 

! r , r ,Ac. c-h -he r~ioht ana 

crusting the length of the -node «..- - 

r „. i. ^ v- - a-r - r-i rr-| ■ DOG V • 

cJiametei u - 

^ ,__H inQ to the cresent invent a on, the anode 
" " ' ^ ra i anode comprising any suitable 

15 " LCCr ^7?-^'e] example, although tne precious 

metal sucn as ^ -~ . 

^radium are technically 
# ~ - nir h - - platinum or ^^ d ^ u ' 
metes ^ r_ucu — r 

.. r ,rriraUv too expensive. 

10 feasible, tney .r^t.ca. , 

^ nrr rnlvtic fluorine cell, i.e. a 

Tn - r-rrna 1 secondary electroijfL*- 

, _ rl .,. P be recharged and embodying 

..II where tne elecoi^e m^. 



20 



r h o above method of. operation is not 
. ■ . j 4- ^rjo tha* must oe 

__-_ui r . rlpp to the hi'-Ui ^t-': J1 ^ c ^ 

Ko „ a . 10d o secondary fluorine cex.s 
-mo'ovec with a carbo.. d.iod-. 

" • y . _ reliable operation 

. rrr „>r.r = t«» a carbon anoae to d i'- r^ 1 
ir,C °^°' u . . r ...-T, v -,000-10000 hours, 

over a long period ol time — ) - 

. . _ t . , urviV e ,anv hydrogen fluoride recharge 
The anoae iidS to ^ur-x.e . 

cy cles anc carbon Is tt. oniy Known 

rvi ve such duty. Howeve, the carbon .urviv., doe 

- .... „,^,„ oolvfluonde layer 

the formation ot a peered... ... • - 

>.■ a h=. rhe unfortunate side artact or 
on the surface which has the , VD , ca l 
»„ electrical resistor. Thus, m a cyp-cal 
being an el-cm at an , appUeQ voltage 

secondary fluorine ceil opera, g wflnoride 
o£ 10 volts, the potential drop across the P°^" 
ayer is tvpicaUy 3 colts at a current density of only 

0^/ Since m an conventional ceils rhe anode 
necessity extends considerably beiow Che ; 
,H-t the gap. between the anode and cathode -S -a ge 
"r "o'aily in the region of 30-.C*. so as to obviate h 
p ibrlity of er.pic.srve reco.hr net ion of fl-me 
Lrogen generated beiow the *>«« of the gas se ; ,a at ng 
; kitt . H ence, for tne reasons given 
racticable to operate a conventional sec.n.ary 
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rtl : „« the carbon anode shorter than «* ««. 
:; M r«ing »Kirt. «n.r. such • —try - 1- . » ; 

, i;nd tri .-,r a „ e gli?itlc current »s ..chicwJ 

t f" the pot erst i a 1 



:as been 

i .^p P f t-i f ic voir- 0" 



example. 15 or 20 volts DC, then the 



is increased t c 
current begins 



to flow at n:rma 



levels and fluorine 



_ rh r -- t h o current flow is cue to 
a-nerated. novever, ^cn o. - 

■ -pMs whr-reby the outsiae ct 

I . separating sKirt is at a negative potent**, and 

' \ c - t a ^Hive ootential. Thus, significant 

10 ^-rt-lel ox both fluorme and hydrogen are generated in 
^'fluorine compartment and the same occurs m the 
" . p. T i 0 civo recombination ot 

hvdroaen compartment producing e,p.o^- 
' ca ccc. Thus, such a system does not work. 

< n t'r, e resent invention, the Sacrinc.a 
However, in tne ,^e^_ c1 , ire no 

over potential, since no 
anode exhibits a '-=g^y— - • _ 

.^.stive suriace layer i, termed, ano so can alio- - 
us^ul amount ot ourrent to flow without operation 

„ ^entiais and consequently avoids the bipolar 
20 high cex, potenti explosive recombination of 

cell formation with tne explosive 

^ n .mriP slowly corrodes aw 0 y but 

— an . - .v.n r rr - 

th e hy dro g en fluoride e le ctrol y te as depleted to a eve 
, 5 hereby no further fluorine can be generated, r.e. 
38%W/V. 

7n one e^ent of the present tnventro, the cathode 
nay be a „ annuiar „etal tin, attached 

there£r o» as .enttoned above. = ^ flycrlne 
protrude belo» the lower end of the share, 
« oroduced at a level above the fewest extent of the 
eparatfne s.r, an thus cannot phy.ic.Uy 
, 5 ; mbir .i uith the hydrcen generated at the cathode 
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preferably situated slightly above the ^ower; 
-nd of the gas reparation skirt. 



WHICH 1 



rrnvent iona! 



f1 „__ me cathode has generally 
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..-■n a -t-el cr cast iron 

v^^n formed by the inner w<s-l! c a - ^ - 

i r .f t-hc- '-oil accord in- to 

containment vessel. Tne vessel ct the ^i- 

. rf . yent invention may also be made of metal and .arm 

r; t-h-,dp is formed as 
,v. e r = thode. However, where ,ne Cdt.-oO. 

, -„ -itP'ratively be formed 
ascribed above, the vessel may a-te.na.i , 

^ f 3 plastics material suoh as PVDF for example, thus 
f ._ he . .oducina weiqnt and possible contamination of .ha 
irect.olyte due to corrosion products from the metal and 

c ..., prt i., r.f the fluorine produced. 

c o n s ^ u u e i j l * j 

. . . n]as -~ material, the cathode may 
Wnpre the vessel is c p 1 "- — — 

" f H nf , me tal rino fixed in the base of the vessel 
be formed of a meoai 

for example. 

. , ....... whero the cathode is mounted 

lr the oresent invtn,^„, -i- - 

and insulated 

Erectly on the gas separating -k.r. 
l.frc the shortest P«.i". — P ath 
wt-ecn .nod, and cathode without the possxbilit, 
recombination of hydrogen and fluorine. 

!„ a second embodiment of the present invention, the cell 
...essel may be made of metal soch as carbon 
stainless steei or Konei metal .trade name, for examp 
and lh . anode may be r„ the form of a dasc bavrn, a 1 
normal to the axrs of the ceU . In thas embody . 
rel i vessel inner -all forms the cathode. " 
greased area of the anode adjacent the ibaer end o 
06S separation skirt, sabs tant rally rncreased current 
L at reduced or loa vcH, 9 „ have been found. Ho-aeve 
*. lowest extremity ef the anode rn thrs second 
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^ ,^,n -bcve the lower enc ci t::* , a - 
pn'.^oo 1 men t i- - 

separation skirt . 

- iV . . r ; .v^.t r, u the ocssibility 
brother future or Uie ^i-o^n. 

rf _ rge sy£ tem tor the fluorine compartment prior -to 
alneraTior: of fluorine. This allows a user to puree out 
- u ,rir- eomoartment before ana after use. This is 
important m some applications where oxygen 
nay be a contaminant. The puree tube preferably passes 
thr ,, UGh th e hvdroqen compartment and has an outlet wr.icn 
positioned below and directed towards the fluorine 

. *. ^ c nnr no c sible for any 
compartment. In this way, il is no, po-t 

fluorin . t , inadvertently leak to the outside through the 
~ u£Qe tube as there is no direct access. to the purge tube 

v r <-: c.rr^M? aas such as 
from the fluorine cai;p a :-^"- ' " 

nitrogen, helium or argon for example may be used as tne 
purge gas. 

A very important advance of a primary cell according to 
,0 the present invention is that being sealed it may be 

K „ ,i r This is banned by 

shipped to customers by air. 

...... ,„„i-.tir,n9 for fluorine contained in 

Interna au;ai - 

pressurised cylinders and secondary devices are too 
ma ssive for economic transportation by air. Thus, this a 
further benefit of the cell of the present invention 
sl nce in a secondary cell, the user has to charge the 
cell with anhydrous hydrogen fluoride which is itself a 
very hazardous chemical. 

A further important advantage of the cell according to 
th- present invention, due to the use of a sacrificial 
.etal anode is related to the purity of the fluorine 
croouced. In conventional cells utilising carbon anodes, 
. he fluorine gas is contaminated with carbon 
tPtrafluoride (CF,) and other fully cr partially 
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WO 

., ... ...... r •-- i-.n , rhe 

fluoranated caroon-iiuorine cu.t.pc^r, - 

use cf'a metal ,:.ode ir. the ceil of ere present ir.vc-r.tion 

allows the use cf high purity electrolyte which can be 

_ CG - 0 : high purity fluorine directly by 

~,w ■ rr~ rr-«fTT= ; I" r C DO E 1 1 1 0 Ti II) d 

electrolysis. rhis is r.&L j ^ucl_o-_ 

i , . r _ : » c t. 1 " - p r *" 1 V '1 u c t o the 

conventional seconcary liuor^.e ----- ^ar.-j - - 
CF, mentioned aoove. our also because high purity 
electrolyte is kr.cwn to cause prorierr.s in the operation 
cf secondary fluorine cells. This is cue to the fact 
he carbon anodes depend on the presence of various 
-nptal ions (including bur not limited to nickel and 
Uthium) in the molten electrolyte to avoid the problem 
rhe « anode effect". The so-called anode effect is 
^ US ed by excessive build-up of carbon polyflnoride on 
surfac- which in turn causes the operating 
current to decline significantly even if the cppiied 
Potential is increased, so-called "polarisation". This is 
a sionif leant operational problem in conventional 
^i-- but from which the sacrificial anode in 

it^lJilui-*J 

. ^,„ni 0 K.lv free. A further 
the present invention j.--. ~^y^~--~y 

problem with conventional secondary cells is that in 
order to avoid the above described anode effect and 
polarisation, it is necessary to "ramp-up the cell to its 
full current capacity very slowly, e.g. between 20 
minutes and 1 hour starting at about 1-0-20% of full 
current. This is very inconvenient when a cell is being 
used for intermittent fluorine supply or on an "on- 
demand" basis. The cell of the present invention may be 
brouoht to full current in a period of only 1 to 2 
seconds and mav be switched on and off as frequently as 
_v be desired within the life of the sacrificial anode 
ithcut any adverse effect on operation or reliability. 



20 



30 



ITici '> 
W3 



r s exoiamed aoove, in conventional secondary fluorine 
35 cells the vessel is normally constructed from metal such 

SO 
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. • „. r .*- ■-. i ^l-.i f i s made 

5C r a rbcn steel or ["one. . tracva .^iir-j - 

- f . * - »- p. ^ - *■ hode of 

'"r'^ii." ' However, rr.etal ions which :^ volatile 
-> mr.lvbder.um, chrcmium ana tungsten, are 

iU - .- • „ 

5 5lov.lv leached from trie metai c y me ,. J -^-.- 

i-'-p fluorine cas in the 

eie-trolvte which tnen ie=t. «t 

.n- ^ntroduc- gaseous metal flucnae 

' r , ^ resulting fluorine orocuct . The us. 

cor. -.airman', j -■> 



10 



rho ceoarate metal ring cathode and a plastics 

" v .oc S .i such as PTFE or ?VDF obviates the problem 

. - and i->"> production of gaseous ne»_ai 

of leacneo raetai ions ana >...- t-*-- 

fluorides contaminating the fiucrme product. 

.. t . . . , rr .„ r.f -he cell cf the present 

— _>i L - ,, P irhi- of fluorine frcm a 
1 ^rweighV'of' electrolyte is significantly increased 

j rrr , p r- fin^ricip concentration iad 7 be 
because the upper nydroc-en 

^ . v,-,Hr^-^- fluoride concentration 

. _ in H tn^ . owe: hydro^e.. ^ lJJii - 

. . ... .. Hp , ei-»rr to disintegrate wnen 

20 fluorine ceils. carbon .node. - - 

the hydrogen fluoride concentration is above 
^n.oximately A3, W/V. However, the sacrificial metal 
anode usee in the primary fluorine cell of the present, 
invention is able to operate satisfactorily at more than 
„ 46* W/V. Similarly, at hydrogen fluoride concentrations 
0 . b .iow 39% W/V, carbon anodes exhibit a phenomenon 
/no-n as "polarisation" whereby the current decline 
sharply and fluorine generation is reduced or cease 

Ho . n -he of the present 
completely. The metal anod. A 

3 0 invention operates satisfactorily at less 

hydroq en fluoride. Thus, the capacity of the cell cu 
/ cecont invention to generate fluorine is at least couble 
-nat of a conventional secondary fluorine cell of 

ivpn-orv. This is a 
^ a--f> -^d piectrolvte in * en / • 
comparable s~~e l-.-o . ^ ^ 

55 significant advantage and makes the fluorine cell or ,n_ 

11 
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invention lighter 
t r a n soor t 3 r i. on 2 one 1 its. 



and -or ■ coir.p^- 



,lvain:aa, cf the present invention is 
. ? h ^^pie>: carbon anoae constructions are necessary in 

_-- s t<~' connect the 

rnnvntional secondary ,iaur_n« ------ — 

; 3rb on anode to the metal cell electrodes. Such 

r UC :ions are necessary to prevent corrosion at the 

l nrt ior. between the carbon anode and metal connection 
10 oortiens. In the present invention the anode hanger and 
llor-i-al connection is metal to metal welded, providing 
.000 electrical contact. The anode is also hollow and 
simultaneously acts as the fluorine outlet conduit. This 
-., riH = — p repd for a seoarate fluorine outlet 
^ whi = h would otherwise increase the diameter and 
hence the size of the unit. 

_ ~c vu p roil of the cresent 
i 1 = f u rther a nv a n t a qe ui - . . e o *_ - 

fluorine oas is 
invention is that tne purity cf the t-uori 

substantially constant for the life the cell. In a 
conventional secondary fluorine cell there is a regular 
Virion of hydrogen fluoride electrolyte which may 
produce water and sulphur compounds which give rise to 
contaminants in the fluorine such as SF„ SF„ S0 2 F 2 and 
of, in the cell of the present invention the 

electrolyte may be purified before it is put into the 
cell and the cell is then sealed. Thus, contaminants 
cannot be introduced during operation or recharging and 

. . ..j .--p ho nuaranteed in 
the fluorine purity is constant and can c j 

the same way as a cylinder of fluorine. 

The majority of the components of the cell according to 
th. oresent invention may be manufactured from suitable 
elastics materials such as FVDF, for example, which are 
both economic and easily formed. 
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■ ; . H = — :sarl^ neat ma jacket such as an 

r-i^crricallv r;p-eo blanket cr wa:er bath for example. 

In oraer mat une present invention may be mere rally 
understood, an example will now be ' described by way of 
illustration only with reference to the accompanying 
drawinas, of whicn: 

Figure 1 shows a section in elevation of a ceil according 
tc the present invention; 

Figure 2 is a view in the direction of the arrow 2 shown 
i:: figure 1 ; 

Ficure 3 which shows a section similar to Figure 1 of a 
secona embodiment of a tiucrir.e cell «,^orc..* * - 
present invention; and 

Figure 4 which shows a plan view of the top of the ceil 
cf Figure 3. 

Referring now to Figures i and 2 of the drawings where a 
fluorine cell according to the present invention is shown 
generally at 10. The cell comprises a vessel 12 made of 
a plastics material such as FVDF, a sacrificial metal 
3 node 14 made of nickel, a fluorine outlet conduit 16 to 

. rrnnprted a cylindrical gas 
which the anode 14 is> conneotea, a > 

separation skirt 13, a cathode 20, hydrogen venting 
ronduits 22 and an end closure arrangement 24 to seal the 
open end 26 of the vessel 12. In order to ieno scale to 
this oarticular embodiment, the overall height of the 
cell 10 is about 0.5m. The anode 14 is connected to the 
fluorine outlet tube 15 by means of co-operating male and 



35 



13 
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female screw threads 28 en a spigot jO on the fluorine 

outlet tube ±:\d a recess 2.1 m the enc c: tne nicker 

- ooc i e i$ t mho- qas separation skirt 13 comprises an inner 

, i ; — r, i r. P n,'r lC r J Had- -f a suitable metal such as 

- / - j - " ^ — " ~ 

carbon steel or cepper /ni jke 1 alloys, for example, and an 
outer insulating layer 26 of a suitable plastics 
material. As may be seen from Figure 1, the end 40 of 
the anode 14 terminates above the lowest extent 4 2 or the 
qas separation skirt 18. The cathode 20 is a steel ring 
10 clamped on and adjacent the lower end 42 of the gas 
separation skirt 18. An electrical conductor 4 4 extends 
between the cathode ring 20 and a terminal connector 
block 4-5 sealed into the vessel wail for the connection 
of a tamp 10 volt DC power supply 50, the anode 
_ r . r ._-._ ^onp -nr»r^ rho Mnnpi m^tal 'trade .mark) 

cr stainless steel fluorine outlet conduit 16. The 
outlet conduit 16 is provided with holes 5 4 to conduct 
-fuorir.e qas away from the anoce compartment 26 via a 
regulating valve 23 on the end of the fluorine conduit 
20 16- The vessel closure assembly 24 comprises a mam plug 
member 60 fixed into the open end of the vessel 12 by 
rneans of screws 62 and sealed thereto by A 0' ring seals 
64. The hydrogen venting conduits 22 are formed through 
the plug member 60 and provided with seal plugs 66 for 
25 use in transportation of the cell and which may be 
replaced by a valved conduit indicated by the dashed line 
63 when in use. The gas separation skirt 13 is received 
in a central bore 70 of the plug member 50. A gland 
sealing arrangement 72 seals the bore of the gas 
30 separation skirt metal member 34 from the ambient 
atmosphere and also seals the fluorine take off conduit 
16 from the ambient atmosphere. A space 76 is filled 
with compressible gland sealing material such as expanded 
PTFE for example. An olive 78 is fixed to the fluorine 
35 outlet conduit 16 so as to locate the lowest extent 40 of 

14 
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the anode 
skirt 1 B . 
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rlative to tne end ^ c *. u.it; ?-~-> ----- - 



from Figure 1, the lowest extent 40 cf the 



10 



15 



t s mav t-e seen 

- ^..t-cr,- "7 of t'^e cas separation 
= no d- "3 above the lowest extern or ...e j6 h 

^'',,ve 18. Similarly, the cathode 21 is fixed so that it 

]l slightly above the lowest extent 42 of the gas 

■ ■ ;„c,.i5faH f rcT r he metal member 
^enaraticn skirt and is ir.suiatea - — 

34 by the plastics material layer 36. 

T hp roil it is olaced m a heating device 
To operate tne c-n, j- 1 - 

. hh ,. H - shor i -ip 0 c.q an d which may 

indicated generally by the dasned - 

_ r _ r r .-i K 3 r h for example. The temperature of 

^ p p water c r Cxi >-> a - . » - - ■ 

. t ... h - K pcn 1^-. and >00°C (preferably 

th--- cell is orougrit tu be-_v.e_n - 

. a to romoerature equilibrium with 

Ihe 'heltinq"device. Once tne electrolyte is molten and 
ha= ,. ca _ bP H a temperature equilibrium with the heating 
l^. e th, ceil is purged with nitrogen gas through the 
r uti « valve 58 and pipe 16. The 5 amp, 10 volt OC power 

4^ ^^ nr >^r-t <=>d between 
cupoly SO orovided for the purpose ,o -nn.-.r.. 

th." terminal block 36 and the connection 52 on the 

!M ^T.r r.ioe 16. Upon energising the power 

lupnly," fluorine is generated at the anode and rises into 
the anode compartment 56 above the surface 92 of the 
, electrolyte 94, hydrogen is generated at the cathode 20 
and rises into the cathode compartment 96 where it may be 
v . nted away via the conduit and valve 68 and safely 
disposed of. The fluorine is generated at a rate which 
-s directly proportional to the applied DC current. 

, st - OD -, thp flow of fluorine by 
0 the user restricts or fulxy suop~ tn. 

Y th* -.a'v* -9 'he fluorine in the fluorine 

closing tne v 8i ve -'• 

, c a .i 10 ht D^ssure on the liquid 
compartment 56 exerts a -light p.~s^ 

Pl^rolvte 94 in the anode/ fluorine compartment and thus 
.lowly ce P resses the level of electrolyte such that it 
3 , Iventuailv extends below tne lowest extent 40 of the 
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„ nr ^., ^ to a position indicated d> ^ - a 

;:: .. f ; : „ ^ — - — — ^ 

t , : , * _,v„ indicated ^ ***** ^ io2 - At 

.. .... ,,i,-rroivs.is stops and consequently, 

, ^l r = ^o7of fluorine also stops. Thus, the cenerauo,, 

of fluorine .ay be started and stopped at will. i.e. "on 
demand" by the user. 

ure , , and a snow a second embodiment 110 of a 

,„ fluorine cell according to she present invention. In this 

ontoodiment. the vessel 112 is made of carbon steel, 

stainless steel or preferably Monel metal (trade name)ar, 

inn ; r wall 114 thereof forms the cathode of the cell. 

; entra li y ansa, 116 comprises a nickel alloy 

, , n „ fluorine taDPinq holes 120 onto 

15 rune no ■mi/o.^-.j 

r f <: r i n n r i n o and an active 
c-ntral bore 122 for taKing of, ^ucn- 

_r - horizontally disposed 
anode ocrticn 12b in the shape o, * hon^n.a.^ 

.^^thmp^ allow fluorine gas 

The gas 
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t o nass up into the fluorine compartment 132 

i„,.|i=tpd rube portion 
separation, skirt 13b comprises on *..,J~--~ ; 

!,8 and a lower Pell-mouthed portion 140 surrounding the 
2... , nnrie 12.. A spacer 142 is provided at the lower end 
"""" j K ,f ^ho skirt remains 

of the skirt 136 to ensure that -n- 

oentrallv drsposed in the vessei 112 ano oannot touch the 
25 nner wall 114. A P«..u» ralaasa valve 150 is provioed 

+ tco rn nrpvent any unwanted 
in the hydrogen compartment 152 uO pr.vei 

build . uf . of pressure within the comment for any 
foreseen reason. » pur,e tube 156 is connected to 

. tor - Ki.rv of olastics 
union 158 at the top and ancnored ,c a - . 

serial 160 at the lower end thereof to form an upwardly 
d < r „ ct .d stream 162 directed towards the fluorine 

compartment 132 for purging purposes the union 158 may be 

^t,. cvr h as nitrogen for 
connected to a suitable gas supply suc.n y 

... u<r=> if desired, ihe 

examole for purging oetore and a,.-- u — 

^ . i ,■ Kr , , r ,i,-,cHcs material disc 
base of the cell is ixtted witn * A 
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^ ^^^rj r «=• ' c w t h e 

--4 to ensure that no hydrogen, can it 

Uuor.::e -..o.-if , _ 11P 

i_ _. r r .r- the anoce * ^ • 

. r ar , ni n, r 0 rne anode tube and 
nectricai connect i onr; ar-. naa-- ^ -» 

... iap for thp cathode wnich, with 
t0 errpwed cost Ibd - or 

- .^1-^1 o P ^r^ the too block l/> and 
radial, y directed aoweis l.D ^ — - 

:sembly I'M to the vessel 112: 



,■1 -a c- i 



iO 



., , „ in substantially she 

The sell cl Figures a ana - uper_u-- 

sair.e manner as that of Figures 1 and 2. 

If for any reason the fluorine outlet teco.es bloc,ed in 
•■ - n ..^ivtp 10 depressed 

_ , ~ v- c < embodiment, tne 1 — 

" ^ rV ^,:.o 1 c and fluorine production 



below the anooe 
15 ceases . 
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fp?turP <: of each embodiment may be 
m he various tedture- 

. v ,- lP rhe cas puree tube 

" " . fJn „H to the embodiment of 
„ -5 .-i mav re uttea -0 

Siaures - euiO j ^ 

^.-hod° nf Figures i ana 

Piaures 1 and 2. Similarly, u..e — • - ' . . . 
2 " may also be employed with the separation s,irt . and 
: , r r ,n cement of Figures 3 and 4. 

■si ; 1 - - - ^ 

r „ J= t0 the ,^.«y of .he -ode. cathode .nO ,» 

it is i»PO = 3iole for the generated 
noorine and hydro g en to reach each other and recede. 

slnr . the can does not contain fluorine and »y have an 
! . trciyte inventory of at can he leoaUy and aafefy 
eUL r ^^w, P with compressed 

transported by air, which is not possible 

fluorine in cylinders. 

h r-ntain^ about 5%v/v HF. 
The fluorine gas pro^ue-j 

. - _ H p.c-.iv removed by means 

Hc-wever, this can be simply ,nc e — 1, 
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, uch as absorption onto sodium fluoride. Thereafter, the 
p. ar ity of the fluorine qas produced is nigh- and constant. 

The ouantity of fluorine produced fro* a given weight of 

wo mt> -o twic^ rhat available hum 
5 electrolyte may be up -O ^10. 

conventional secondary cells. 
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10 



An electrolytic cell for the production of fluorine, 
th- cell comprising: a vessel having therein anode 
means and cathode means, the anode and cathode means 
being separated by gas separation skirt means 
extending into and below the surface of an 
electrolyte contained within the vessel; means for 
amoving hvdrogen gas and fluorine gas produced 
during electrolysis of said electrolyte 

characterised in that the anoae means are metal 
sacrificial anode means and the gas separation skirt 
means extends below the lowest extent of said anode 
means. 

l5 2. A cell according to claim 1 wherein the cell is a 

primary cell as hereinbefore defined. 
3 A cell according to either claim 1 or claim 2 

wherei n the cathode is metal and is mounted adjacent 

a lower end of the gas separation skirt means. 
,n 4 A cell according to any one preceding claim wherein 

the cathode is mounted on the gas separation skirt 

mcap_5 

5 Tcell according to any one preceding claim wherein 
the cathode is mounted slightly above the lower end 

25 of the gas separation skirt means. 

6 A cell according to any one preceding claim wherein 
the cathode is annular in shape and conforms to the 
cross sectional shape of the gas separation skirt. 

7 A cell according to any one preceding claim wherein 
the gas separation skirt means is generally tubular 
in form. 

8 A cell according to any one preceding claim wherein 
the gas separation skirt means comprises a metal 
tube having a layer of plastics insulating material 

35 thereon. 
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A ce li according to any one preceding claim wherein 



he 



11 - 



i rr*-*~- »r - plasties material. 
„ .""en acceding to any on. preceding d.i. «h«.x n 
t ,e .none Is in «. for™ of horizontally deposed 

disc .0 

.. +- p an w -no nf Drecedinq claims i, 

A cell according tc an, - , 

^ ^c'^rrTned by the inner 

or 10 wherein the catnode is .crmea y 

wall of a metal vessel. 

^ rrprpfiina claim wherein 
,9 R cell according to any one precec.ng 

• i is ce iPct=d from a metal or axloy 
the anode material is seiect-a 

o£ at least one of the group comprising: nickel, 
iron, copper, platinum and palladium. 
13 r cell according to any one preceding claim wherei 
the fluorine outlet means is a perforated conduit 
wh ^ h is substantially coaxial with the anode. 
A cell according to claim ,3 -her~n - 
outlet conduit also forms tne eleo.^cai - 
to the anode- 

l cell accord, to any one preceding cl.i. wherern 

lj - 4 rnndai^ means 

^ finonn^ aas outlet cor.aai. 

ire compartment to de depressed delow the lower 
end of the anode and so terminate rluorrne 

aTcordrng to any one Ptecedrng dlaim wherein 
there is conduit prdvided td enable the rluorrne 
compartment to be purged with a gas. 

ft ceil accordrng to clarm 16 wherein the ~ ^ 

. ... hvdroa en compartment to direct a 
routed througn the hydrogen v fluorin = 
str eam o£ purge gar upwardly rnto sard fluorrn. 

compartment . 
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